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A Three-Year History of the Use of the Geneti-
cally Sterile Male Norway Rat in the Control of
Wild Rat Populations
AI Stanley, L.G. Gumbreck, J.E. Aliison.
and H.F. Landreth i Departments of Physi-
ology and Biophysics and Anatomical Sci-
ences, University of Oklahoma Health Sci-
ences Center and Oklahoma City Zoo, Okla-
homa City, OK 73190. TEXAS REPORTS
ON BIOLOGY AND MEDICINE 32(2): 596,
1974.
From author's abstract: In 1967 the discovery
of the genetically sterile male rat was first re-
ported by the authors. Its use as a control mea-
sure for wild Norway rat populations was also
proposed at that time. Cage and pen studies and
an open field trial on an egg farm near Okla-
homa City have now been completed, testing the
efficacy of this method of rat control. Landreth
and associates, beginning February 1,1971, us-
ing a series of metal outdoor pens 50 by 50 feet,
found that the reduction of population potential
was proportional to the ratio of sterile to normal
males when the number of females placed in
each pen was always equal to the sum of both
sterile and normal males. These experiments
were repeated in indoor pens 25 by 25 feet with
light and temperature controlled. The final re-
duction in population potential for the outdoor
experiments was 73.5 percent, and 75.8 percent
for the indoor experiments. In these experi-
ments the results are highly significant. Several
observations can now be made as to the future
use of this method: I) Laboratory bred sterile
males should be "feralized" before being re-
leased into a strange environment; 2) more high-
ly aggressive males are being bred to attack and
perhaps kill wild males on contact in the release
area; 3) warfarin resistance is being introduced
into the sterile male line.
Studies on the Effectiveness of Rodenticides. I,
The Comparative Rodenticidal Efficacy of Sev-
eral Anticoagulants (Japanese)
I Tanaka, Y. Ito, and H. Shigeto-Departrnent
of Environmental Biology, Japan Enviro-
mental Sanitation Center, Kawasaki, Japan.
EISEl DOBUTSU 27(4). 347-53,1976.
b
English summary: The comparative rodenti-
cidal effectiveness of five anticoagulants was ex-
amined. The acute toxicities obtained were low
in mice for both the coumarin derivatives and
indandiones, whereas those shown in rats were
remarkably high. In the subacute testing, the in-
dandiones were more potent than coumarins.
Also, coumatetralyl given to mice was least ef-
fective of the five chemicals tested. However,
when given to rats, it showed nearly the same
effectiveness as did the indandiones. The
coumarin derivatives failed to attain 50 percent
mortality at lower dosages in the subacute test,
which may indicate a threshold concentration
for these chemicals. When the rodenticides were
given to rats and mice as baits, high mortalities
were obtained but the differences in the activi-
ties of the chemicals were not observed.
A Review of Rodent Control Programs in New
York State
J.E. Brooks-Bureau of Rodent Control, New
York State Department of Health, Albany,
NY 12237. VERTEBRATE PEST CONFER-
ENCE. PROCEEDINGS 6132-41
Author's abstract: The history of rodent con-
trol programs in New York State is reviewed,
beginning with state-funded efforts in August
1967. In 1969, Federal rodent control grant
funds were used to establish four Model Cities
programs. At its peak in 1970, programs were
active in i8 counties, 8 cities and villages, and in
6 Model Cities areas. The program encompasses
all the major metropolitan areas of the state,
serving some nine million persons.
As part of the state program, the Rodent Con-
trol Evaluation Laboratory was established to in-
vestigate chemosterilants as a means of rodent
control and to develop knowledge of pest rodent
biology. Since then, the investigations program
has turned to the problem of rodent resistance
to anticoagulant rodenticides both in New York
and other states in the eastern United States.
Initial rat infestations, which ran 24.4 percent
statewide in 1969, have heen decreased 84 per-
cent by late 1973. Similarly, in the same time
period, unapproved refuse storage deficiencies
were decreased by 55.6 percent and exposed gar-
1
bage conditions declined 44.7 percent. Rat bites
showed a 40 percent decrease during these same
years. By all measures, then, the program has
been a success.
Most programs have relied heavily upon anti-
coagulant rodenticides in the chemical control
of rodent populations. Zinc phosphide, red
squill, and norbormide are also used. Harborage
removal and environmental improvement are
stressed through active cleanups and educational
efforts. During the 4-year period, 1969-1972,
some 177,000 tons of rat harborage were re-
moved from 66,000 premises in the state.
Trapping: A Continuous Integral Part of a Ro-
dent Control Program
H.R. Schuyler and R.F. Sun. Jr.-Plant Pro-
duction and Protection Division, Food and
Agriculture Organization of the United Na-
tions, Rome, Italy VERTEBRATE PEST
CONFERENCE. PROCEEDINGS 6'150-60.
Author's abstract: Trapping is usually con-
sidered a rodent control technique of minor im-
portance. Due to the economic situation in the
Dumaguete, Phillipines program from which this
report is drawn, regular trapping was a biological
necessity. Four species of rodents and a shrew
[65.9% of the total being Rattus norvegicuss
were of concern. A continuing daily trapping
program was developed from a field study of
trap bait acceptability. [The acceptability of var-
ious baits is described.] Trap baits were reused
every 23 days. Alternate baits were selected.
Trap usage techniques were designed to optimize
the results. Trap-bait shyness and trap shyness
effects were observed but were not a major pro-
blem.
A Regional Approach to Rodent Control in the
San Francisco Bay Area
E.W. Mortenson and G.L. Rotramel-Cali-
[ornia Department of Health, Vector Control
Section. 2151 Berkeley Way, Berkeley, CA
94704. PROCEEDINGS OF THE VERTE-
BRATE PEST CONFERENCE 7' 23541,
1976.
Authors' abstract: A federally funded rat con-
trol project [through Section 314e of Public
Law 89-749 from the Department of Health, Ed-
ucation, and Welfare] is being conducted by the
Vector Control Section, Canrornia State Depart-
ment of Health in cooperation with local health
agencies in the San Francisco Bay Area. Four
.community demonstration areas were selected in
urban poverty areas in the region. The objective
of each demonstration program is to reduce the
rat infestation to a level that will not have signif-
icant adverse health or economic effect. En-
vironmental improvement and community par-
ticipation are emphasized. Concurrent studies
are being conducted to determine the status of
anticoagulant resistance, the occurrence of ro-
dent-borne diseases, and the significance of rat
infestations in sewer systems. The information
gained from the project will provide improved
methods and management criteria for rat control
programs in the San Francisco Bay Area and
other areas of the State with similar rodent
problems.
Rat Control with an Anticoagulant-Drat
K. Singh and T.P. Ojha-Harvest and Posthar-
vest Technology (fCAR), Scheme Agricultural
Engineering Department, Indian Institute of
Technology, Kharagpur-721302, West Bengal,
India. INTERNATIONAL PEST CONTROL
18(3): 10, May-June 1976.
In India, rats eat an estimated 26 million tons
of food annually. Investigations were carried out
to test the efficacy of Drat (chlorophacinone) in
controlling the Indian black rat (Rattus rattus)
in warehouses and residential buildings on the
campus of the Indian Institute of Technology,
Kharagpur, West Bengal. A concentration of
0.0125 percent of the anticoagulant Drat in bait
material of 96 percent semolina, 3 percent oil,
and I percent sugar eliminated a total of 39 rats
in a 2-week period. It is concluded that Drat in
this concentration can control rats and mice in
village houses and stores, commercial ware-
houses and residential buildings.
Attempts to Influence the Feeding Behavior of
Brown Rats Using Ultrasonic Noise
Generators --
A.P. Meehan-Chief Biologist, Rentokil Lim-
ited, East Grimstead, Sussex. INTER-
NATIONAL PEST CONTROL 18(4): 12-15,
July-August 1976.
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It is known that sound has effects on the be-
havior and physiology of rodents. Four commer-
cial ultrasonic noise generators were tested to
assess their effect on the feeding behavior of
colonies of wild Rattus norvegicus in simulated
field conditions. The units were placed 0.5
meters from the rats' accustomed feeding sites.
Although there were initial reductions in food
consumption, the reductions were either insig-
nificant or short-lived. The results are in line
with previously published studies. Ultrasonic de-
vices currently on the market are largely ineffec-
tive in repelling rat populations. In addition, the
problem of placing such units so as to cover
large areas (high frequency sound dissipates
rapidly and does not penetrate solid objects) and
the capacity of rats to become habituated to the
noise confirms that ultrasonic devices are un-
likely to play an effective role in rodent control.
A Comparative Field Trial, Conducted without
Pretreatment Census Baiting, of the Rodenti-
cides Zinc Phosphide, Thallium Sulphate and
Gophacide against Rattus norvegicus
B.D. Rennisori-Pest Infestation' Control Lab-
oratory, Ministry of Agriculture, Fisheries and
Food, Hook Rise South, Tolworth, Surbiton,
Surrey. JOURNAL OF HYGIENE 77(1):
55-62, August 1976.
Author's summary: The effectiveness of the
single-dose poison treatments of farm rat infesta-
tions, analyzed by comparing the weights of the
post-treatment census bait takes in covariance
with the weights of the pre-bait takes, showed
that treatments with 2.5 percent zinc phosphide,
0.3 percent thallium sulphate or 0.3 percent
gophacide were equally effective and signif-
icantly better than were treatments with I per-
cent zinc phosphide or 0.1 percent thallium sul-
phate. [The two latter treatments were only 66
percent and 72 percent effective respectively,
whereas the three former treatments were 84,
84, and 85 percent effective respectively. Use of
a damp bait would probably not increase effec-
tiveness, and stronger concentrations, especially
of thallium sulphate and gophacide, would in-
crease risks to non-target animals and to oper-
ators.] The methodology and sensitivity of dif-
ferent analyses are also considered.
...
Responses of Rattus Species to Anticoagulant
Poisoning
K. Muktha Bai and M.K. Krishnakumart-:
Infestation Control and Pesticides, Central
Food Technological Research Institute,
Mysore-570013, India. COMPARATIVE
PHYSIOLOGY AND ECOLOGY ](4):.
129-35, October 1976.
Authors' abstract: The efficiency of some
anticoagulants like warfarin, coumachlor,
fumarin, coumatetralyl, diphacinone and chloro-
phacinone was evaluated at the recommended
dosages of 0.005 percent and 0.025 percent
against Rattus species in cage, rattery and field
conditions. The test chemicals killed all the al-
bino rats (Rattus norvegicus) within 9 days un-
der captivity. The mortality of roof rats (Rattus
rattus) ranged from 62.5 percent to 100 percent
under similar conditions. Coumatetralyl, diph-
acinone and chlorophacinone killed all roof rats
housed in the rattery within 9 days whereas only
87.5 percent of the test animals succumbed to
warfarin, fumarin and coumachlor. [In field
trials, warfarin baiting (0.025%) only partially
reduced roof rat population as did coumachlor
(0.025%), but coumachlor failed to kill house
mice despite high poison bait consumption.]
Though variations in mortality were observed,
the consumption pattern of poison baits by roof
rats under different test conditions was similar.
The possible reasons for the observed results are
discussed. [Candidate chemicals should be tested
under different situations and on different spe-
cies of rodents. It seems that the indandiones
and coumatetralyl are the best choices among
the anticoagulants for the control of Rattus spe-
cies. ]
Warfarin Resistance: A Balanced Polymorphism
in the Norway Rat
J.H. Greaves, R. Redfern, P.B. Ayres, and J.E.
Gill-Pest Infestation Control Laboratory,
Ministry of Agriculture, Fisheries and Food,
Hook Rise South, Tolworth, Surrey. GENET-
ICAL RESEARCH 30(3):257-63,1977.
Authors' summary: The frequency of mono-
genic resistance to anticoagulant rodenticides in
Rattus norvegicus in an area straddling the
England-Wales border was monitored from 1967
3
until 1975. Rats were trapped on farms and
tested in laboratory by administering a dose of
warfarin lethal to susceptibles. The mean inci-
dence of resistance was 44 percent and did not
change significantly, despite the extensive use of
anticoagulants by farmers during the 9-year
period. In 1975 more refined techniques showed
that the frequencies of susceptible (SS) and re-
sistant (RR) homozygotes were significantly be-
low the Hardy-Weinberg expectations and simple
estimates of the relative fitness ratios for the
RR, RS, and SS phenotypes were 0.37,1.0, and
0.68 respectively. In two relatively isolated
valleys, where selection with anticoagulants was
minimal, the frequency of resistance decreased
significantly from 57 percent to 39 percent dur-
ing 1973-5. The results are consistent with the
hypothesis that a balanced polymorphism is be-
ing maintained. Selection against susceptible
homozygotes by the use of anticoagulant ro-
denticides, and against the resistant homozygote
due to its high susceptibility to a primary defi-
ciency of vitamin K gives the heterozygotes a
selective advantage. A number of ecological fac-
tors that influence the incidence of the resis-
tance are discussed briefly.
The Population Dynamics of Genetically Deter-
mined Resistance to Warfarin in Rattus nor"
veg;cus from Mid Wales
J.A. Bishop, D.J. Hartley, and G.G. Par-
tridge-Department of Genetics, University of
Liverpool, Liverpool L69 3BX, England.
HEREDITY 39(3):389-398,1977.
Authors' summary: Dominant warfarin resis-
tance and a recessive haemorrhagic trait are ap-
parently controlled by the same allele Rw? .
Twenty-eight F, litters and 18 backcross litters
of wild rats were scored for resistance when 8
weeks of age. There was a deficiency of resistant
males in the F, litters whereas phenotypic ratios
were close to expectation in F, females and
backcrosses. Any deficiency of resistant males in
F, litterscould be due to the selective death of
the Rwi Rw? genotype. The size of F, and
backcross litters at birth is similar whereas by 8
weeks the former are significantly smaller than
the latter.
Samples of rats from populations in mid
Wales were scored for resistance. There was a
significant decline in the frequency of pheno-
typic resistance in one large population (N"'500)
starting when the frequency of Rw? allele was
relatively low (c. 0.10-0.23). Since few alleles
can be lost by selective death of Rw? Rw' males
in these circumstances it appears that, in the ab-
sence of warfarin, the heterozygote may also be
at a selective disadvantage.
Where rats are intensively poisoned with war-
farin both Rw? and its alternative Rw' are
maintained in populations by heterozygous ad-
vantage. The ecological unreality of the concept
of segregational load is discussed.
Strong selection influences the frequency of
the alleles of Rw. Chance must also have an im-
portant role. Populations of rats in rural areas
are widely scattered and sometimes small in size.
There is an unpredictable amount of movement
between these populations which occur in very
heterogeneous environments.
Laboratory Evaluation of the Effectiveness of a
New Acute Rodenticide, Pyr;m;nyl, on Albino
Rats and Mice (Japanese)
Y. Ito, M. Miyashita, M. Takaoka, and 1.
Tanaka-Department of Enviromental Biol-
ogy, Japan Environmental Sanitation Center,
Kawasaki, Japan. EISEl DOBUTSU 28(4).-
349-54,1977.
•
English summary: The effectiveness of a new
acute rodenticide, Pyriminyl, on rats and mice
was investigated. The LDso values of Pyriminyl
were 24.4-26 rug/kg in male rats, 12.2-27.9
mg/kg in female rats, 68.8-90 mg/kg in male
mice, and 56--68mg/kg in female mice. In the
experiments conducted using only 2 percent
baits, all mice died within I day and all rats died
within 5 days. In experiments between 2 percent
baits and rolled barley, no difference of accep-
tance was observed in mice, but rats showed a
little lower acceptance to poison baits. In the
preliminary experiments, using 1 percent pow-
dered baits and powdered nonpoison baits, how-
ever, no avoidance to poison baits was observed
in rats and all died within 3 days.
4
Finding New Means to Attack the Rat
Anonymous. INDIAN JOURNAL OF PEDI-
ATRICS 44(348): 24, January 1977.
Rats, which outnumber humans ten to one in
some countries of Southeast Asia, spread dis-
eases such as plague, murine and scrub typhus,
leptospirosis and several strains of salmonella.
Rats consume 33 million tons of food a year and
eat or spoil 20 percent of the crops even before
harvest.
According to studies at the Rodent Control
Demonstration Unit of the World Health Organi-
zation in Rangoon, Burma, rodenticides can
only be partially sucessful in the control of large
populations of rats. Therefore insecticides will
also have to be used to destroy the rat flea, the
main vector responsible for the transmission and
spread of bubonic plague. Even then, improve-
ments in community sanitation will be necessary
in order to control effectively the rat popula-
tion.
Augmentation of Warfarin Toxicity by Vitamin
A Acetate to Roof Rats (Rattus raltus)
M.K. Krishnakumari and S. Muralidhara-
Central Food Technological Research Insti-
tute, Mysore 570 013, India. JOURNAL OF
FOOD SCIENCE AND TECHNOLOGY
I4(I): 26-28, January-February 1977.
Authors' summary: Resistance of rodents to
warfarin and other anticoagulants has lead to in-
tensive research on improving the existing ro-
denticides and synthesis of newer compounds.
Currently, vitamin K antagonists, antibiotics,
and vitamin D are being utilized to combat the
resistance problem among rodent populations. It
is observed that vitamin A acetate at 0.2 percent
in combination with warfarin at 0.005 percent
baits increased the mortality (100%) in roof rats
(Rattus rattus) as against warfarin alone (40%)
at this concentration. The onset of symptoms
was faster and more severe in animals ingesting
the baits containing both vitamin A acetate and
warfarin than with warfarin alone. The result in-
dicated that vitamin A acetate can potentiate
warfarin poisoning in rats resulting in higher
mortalities even at lower concentrations of war-
farin.
.
Ultrasonic Rat Control System
PI Ebaugh and T. Fortman-University of
Detroit, Detroit, MI 48221. IEEE TRANS-
ACTIONS ON AEROSPACE AND ELEC-
TRONIC SYSTEMS 13(4): 440, July 1977.
Authors' abstract: A large-scale central system
to effectively control rats in warehouses and
other similar environments has been developed.
The system employs high-powered ultrasonic
noise which drives the rats out of the noise cov-
ered area and protects against further infesta-
tion. The ultrasonic noise emitted from the
numerous transducers does not disturb humans
in the area for it is higher in frequency than the
normal hearing threshold. The central system ap-
proach, utilizing one amplifier, signal source and
a distributed network of transducers, eliminates
duplicity of electronics and this method leads to
low system cost and high reliability.
Report on DLp·787 Use in Cleveland
B. T. Marsh and W.B. Jackson-FMr. Jackson)
Environmental Studies Center, Bowling Green
State University, Bowling Green, OH 43402.
PEST CONTROL 45 an. 51-52, November
1977.
Tests were conducted to measure the efficacy
of the new acute rodenticide Vacor (or DLP-
787) when used in an inner city environment.
Five blocks in Cleveland's Glenville area, having
Norway rat infestations including some war-
farin-resistant rats, were chosen to undergo an
application program typical of urban rat control
projects. Almost 6 weeks after baiting periodi-
cally with DLP-787, 86 percent of the initial
burrows observed were still closed. New burrow
systems on previously uninfested properties had
not developed. No accidental ingestion of baits
by children or non-target animals occurred.
The development of new and effective acute
rodenticides such as DLp·787 suggests the need
for reevaluation of large scale control programs.
Acute (single dose) toxicants require less man-
power but probably should not be used re-
peatedly (no more than several times a year) to
avoid bait shyness and aversion. It is desirable to
use both acute and chronic toxicants wisely, and
then only as a supplement to environmental san-
itation.
5
Toxicity of Calciferol, Warfarin and their Com-
binations to Raltus norveglcus (albino) and R.
raltus
K. Muktha Bai, M.K. Krishnakumari, and S.K.
Maiumder-Lnfestation Control and Pesticides.
Central Food Technological Research Insti-
tute, Mysore 570013, India. PESTICiDE SCI-
ENCE 9(J )-44-50.1978.
Authors' abstract: The response of Rattus
norvegicus and R. rattus to calciferol, warfarin
and a combination of these compounds was
tested. Both species succumbed to the recom-
mended bait concentrations of calciferol (1000
mg/kg) and warfarin (250 mg/kg) when tested
individually. However, R. rattus was more sus-
ceptible to lower concentrations of calciferol
(500 and 750 rug/kg) as compared to R, nor-
vegicus, which was sensitive to lower concentra-
tions of warfarin (12.5 and 25 mg/kg bait).
Addition of calciferol at different concentra-
tions did not affect the toxicity of warfarin
against R. norvegicus. However, with R. rattus
calciferol (250-350 mg/kg) or warfarin (50 mg/
kg bait), which individually produced partial
mortality, in combination produced a complete
kill besides accelerating death. Combination of
higher dosages of calciferol with warfarin
(1000+250 mg/kg bait) tested against both spe-
cies showed no advantages, resulting in neither
lower bait consumption nor speedier death,
though individually the components gave com-
plete kills.
Field Trials of WBA 8119 (PP 581, Brodi-
faeoum) against Warfarin-Resistant Infestations
of Raltus norveg/cus
B.D. Rennison and A, C. Dubock-Pest In-
festation Control Laboratory. Ministry of
Agriculture, Fisheries and Food, Hook Rise
South, Tolworth, Surbtton, Surrey. THE
JOURNAL OF HYGIENE 80(]):77-82, Feb-
ruary 1978.
Authors' summary: Baiting with medium oat-
meal or soaked wheat containing 0.002,0.001,
or 0.0005 percent brodifacoum [3-(-3(4' -brorno-
biphenyl-4-yl)-1 ,2,3 ,4-tetrahydronaphth -1-yl)4
hydroxy coumarin] , completely controlled infes-
tations of warfarin-resistant rats on farms when
the poisoned baits were maintained until rats
ceased to feed on them. The concentration of
brodifacoum did not affect the duration of these
treatmen ts which lasted from II to 25 days.
Poison baiting with 0.002 percent brodifac-
oum for only 1, 4, and 7 days achieved, respec-
tively, only about 41, 51, and 68 percent con-
trol of similar farm infestations, and so empha-
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